altitude mountaineering is a dangerous endeavor due to the hypoxic hypobaric environment, extreme weather, and technical skills required. One of the seven summits, Aconcagua (6962 m) is the highest mountain outside of Asia. Its most popular route is nontechnical, attracting > 3000 mountaineers annually. Utilizing data from the Servicio Médico Aconcagua (park medical service), we performed a retrospective descriptive analysis with the primary objective of deriving a fatality rate on Aconcagua from 2001 to 2012. The fatality rate on Aconcagua was then compared to other popular mountains. For climbers who died, we report all available demographic data, mechanisms of death, and circumstances surrounding the death. Between 2001 and 2012, 42,731 mountaineers attempted to summit Aconcagua. There were 33 fatalities. The fatality rate was 0.77 per 1000, or 0.077%. The fatality rate on Aconcagua is lower than that on Everest or Denali but higher than that on Rainier.
Introduction
A concagua [6962 m (22,841 ft)] in Argentina is the highest mountain in the Western Hemisphere and the highest peak in the world outside of Asia. More than 3500 climbers visit Aconcagua annually. A significant portion of the attraction to Aconcagua is the high elevation, yet less technical climbing requirements compared to many other peaks at similar elevation. However, exposure to altitude of nearly 7000 m poses risks even on a nontechnical peak. Prospective climbers on Aconcagua (33°S latitude) are exposed to a cold, hypoxic, hypobaric environment. Summit temperatures are well below 0°C and winds reach upwards of 80 km/h during a typical climbing season. The summit barometric pressure is approximately 326 mmHg, or 43% of sea level (760 mmHg).
Traditionally there were two common routes on Aconcagua, a northwest approach and a northeast approach. The Normal Route (Ruta Normal, or Northwest Face) is the nontechnical route and involves a multi-day trek of 33 km from the park entrance at Horcones (2955 m) to the lower camp of Confluencia (3415 m), Plaza de Mulas base camp (4365 m), and two or three high camps: Canadá (4950 m), Nido de Condores (5350 m), and Berlin or Có lera (5800 m). Meanwhile, the Polish Glacier Route is a more technical route on the northeast side of the massif that is approached from the Vacas River valley and utilizes the lower camp of Pampa de Leñ as (3100 m), Plaza Argentina base camp (4000 m), Camp I (4950 m), and Camp II (5800 m) before ascending the Polish Glacier to the summit. Some climbers modify this route and traverse the most technical sections of the glacier to join up with the Normal Route (False Polish Glacier). Finally, the South Face is an extremely difficult, rarely attempted, 3000 m vertical face that attracts only the world's most experienced mountaineers and is approached from Plaza Francia base camp (4200 m).
The Incas climbed high on Aconcagua, but there is no definitive proof that they reached the summit. The first ascent of Aconcagua that was recorded was in 1897 by Matthias Zurbriggen. In 1926, Austrian Juan Stepanek became the first mountaineer to die on the mountain in modern history. Aconcagua Provincial Park was established in April 1983. As the popularity of Aconcagua has increased, the park service has sought to establish various safeguards to protect mountaineers. In 1990, Decreto Provincial 2819/90 created the governance that regulates trekking companies operating within the park, a fee schedule to support personnel and infrastructure partially, and permits for mountaineers who attempt the summit. Unfortunately, a fire at the Horcones Ranger Station in 2005 and an avalanche at the same site in August 2009 destroyed most of the historical records kept by the Aconcagua Provincial Park service. There were 101 fatalities on the mountain between 1926 and March 2001 (Magnani, 1981 . The 2001 The -2002 climbing season is the first for which data remain; while these data are incomplete, they are the only record that remains after the two natural disasters.
During the study period, climbers were required to apply for a permit in person at the provincial park office in Mendoza, where they received an educational safety brochure detailing weather, routes, and hazards on Aconcagua. The fees for the 2011-2012 high season were 1400 pesos (approximately US $285) for Argentine applicants and 5100 pesos (approximately US $1035) for foreigners. These fees help to offset salaries and supplies for rangers and medical personnel, safety brochures, search and rescue efforts, and evacuations on feet or supported by mules or helicopter. The park has fully-staffed ranger stations at the entrance, lower camps, Plaza de Mulas and Plaza Argentina base camps, and Nido de Condores. Furthermore, medical professionals are stationed full-time at Confluencia, Plaza de Mulas, and Plaza Argentina. Since the 2010-2011 climbing season, physicians have also assisted the search and rescue patrol when emergencies arise at high camps. An emergency VHF radio frequency (142.800 MHz) is constantly monitored by park rangers and medical personnel.
Our research consortium has previously shown that many climbers on Aconcagua lack high-altitude experience (Borm, 2011) . In an effort to further describe risks inherent with a summit attempt on Aconcagua, our primary objective of this retrospective analysis was to calculate a fatality rate on Aconcagua for the eleven climbing seasons between November 2001 and March 2012. Second, we strove to characterize the circumstances surrounding the fatalities on this frequentlytravelled South American peak. To our knowledge, neither of these objectives has been described previously in the medical literature. Finally, we sought to compare the fatality rate on Aconcagua to that on other frequently visited peaks.
Materials and Methods
We conducted a retrospective study of mountaineering fatalities on Aconcagua during 2001-2012. Servicio Médico Aconcagua graciously provided annual park visitor data (dating back to [2001] [2002] as well as complete individual demographic data and variably complete expedition data for fatalities (dating back to 1999-2000) . The study of the period of 2001-2012 was chosen because it represented the largest period in which complete fatality and annual visitor data were available, both of which were necessary to calculate a fatality rate. When expedition data for a documented fatality were incomplete, online archives of Diario de los Andes, the most widely-read Spanish language newspaper in the province of Mendoza, were searched (Diario de los Andes, 2012). Expedition data gleaned from sources other than Servicio Médico Aconcagua were then verified in a second online periodical. Searches were performed using all known iterations of the victim's name in both English and Spanish language periodicals utilizing google.com by a single author (MPL).
Demographic and expedition data for all fatalities were abstracted by the corresponding author. Demographic information recorded included age, gender, role on the mountain (climber, guide, ranger, search and rescue patrol, or medical personnel), and nationality. Expedition information recorded included route, date of fatality, guided versus unguided expedition, solo versus group expedition, location of fatality, altitude of fatality, and whether the victim was ascending or descending. Mortality information recorded included cause of death: disappearance, sudden death, high-altitude pulmonary edema (HAPE), high-altitude cerebral edema (HACE), hypothermia, rock slide, climbing fall, avalanche, or unknown. We defined death due to high-altitude illness (HAI) as that due to either HAPE or HACE. We defined death due to trauma as that due to rock slide, climbing fall, or avalanche. Finally, we recorded whether the body was recovered.
The Institutional Review Board of St. Mary's Hospital deemed the study exempt from the requirement of informed consent. Data were analyzed using Stata Ò 9.2 for Macintosh (Stata Corporation, College Station, TX). For data in which normality was ensured, means with 95% confidence intervals (CIs) are presented. For data in which normality was not ensured, medians and interquartile ranges (IQRs) are presented.
Results
Between 2001 and 2012, 72,223 climbers obtained permits from Aconcagua Provincial Park authorities. 42,731 (61.1%) mountaineers obtained 21-day permits in an attempt to summit Aconcagua. 28,019 (38.9%) permits were for 3-day trekking permits in which hikers were not allowed above base camp. During the study period, there were 33 fatalities among those with permits to summit. There were no fatalities among the visitors to the park with 3-day permits with no intention to summit. The fatality rate was 0.77 per 1000 climbers attempting the summit of Aconcagua in 2001-2012, or 0.077%.
Demographic data of the fatality victims are shown in Table 1 . Most commonly, fatality victims were male (87.9%), Europeans (72.7%), and were mountaineers attempting to summit Table 2 . Approximately half of the fatalities occurred on the Normal Route (51.4%), the most frequently used route during the study period. 36.4% of deaths occurred on the Polish Glacier, whereas 12.1% of deaths were on the highly technical but rarely attempted South Face. 45.5% of the fatalities occurred on unguided expeditions. 12.1% of deaths occurred at camps below the base camp elevation of 4370 m during the initial trek to base camp. Of the fatalities above base camp, 42.4% occurred during ascent and 36.4% during descent. The mean altitude of fatality was 5570 m. The location of all fatalities above 4000 m is shown in Figure 1 .
Of the thirty-three mountaineers who died, the most common cause of death was trauma (27.2%). 21.2% of fatalities were attributed to high altitude illness, all of which were secondary to HAPE. There were no recorded deaths attributable to HACE in this study. For climbers who died of HAPE, the mean altitude at time of death was 5131 m, with two of these cases occurring below base camp. The most common other known causes of death were hypothermia (15.2%) and sudden cardiac death (12.1%). 15.2% of deaths were secondary to disappearance, and 12.1% remain unknown as of this writing. 18.2% of bodies have not yet been recovered: 50% (2 of 4) of bodies from South Face attempts, 25% (3 of 12) of bodies from Polish Glacier attempts, and 6% (1 of 17) of bodies from Normal Route attempts.
Annual 
Discussion
Several interesting findings are suggested from our results. First, fatalities corresponded to the generally accepted route difficulties among the mountaineering community. Fatalities were proportional and body recovery was inversely proportional to the difficulty of the route: South Face (most difficult), Polish Glacier (intermediate), and Normal Route (least difficult). Second, only three South Americans died during our study period; two of the three were guides. This suggests that mountaineers traveling from other continents to attempt Aconcagua may underestimate the risk involved on this mountain. These non-South American mountaineers who have traveled great distances, presumably investing more time and money in a summit attempt, may take more risks than their South American counterparts, in whom the proximity of the mountain more easily lends itself to additional attempts if the first is unsuccessful. Third, there were no documented deaths due to HACE. While this may be a true finding, it seems unlikely. Rather, this may be due to HACE being unrecognized by the initial responder to the fatality victim. Above 5000 m, the first person on scene is rarely a physician; more typically, (s)he is another climber, park ranger, or member of the search and rescue team who is less experienced in the diagnostic differences between HAPE and HACE than a physician with high-altitude medicine experience.
With the publication of these data on Aconcagua, fatality rates have now been reported for three of the seven summits, adding to previously published data on Everest and Denali. The fatality rate on Everest (8848 m), the highest point on earth, has been variably reported as 1.3% for 14,138 climbers above base camp during the years 1921-2006 (Firth et al., 2008) (Huey, 2003) . Among 1077 climbers who successfully reached the summit of Everest between 1978 and 1992, the fatality rate was 3.0% for mountaineers using supplemental oxygen; it was 8.3% among the 96 climbers not using supplemental oxygen (Huey, 2000) . Meanwhile, on Denali (6194 m), the fatality rate has been reported as 1. (McIntosh et al., 2008) . Fatality data for the remaining seven summits remain unpublished or unknown at this time.
Limited fatality data for some of the world's more popular peaks that are not among the seven summits are also known. On Rainier (4392 m), a peak that is significantly lower than Aconcagua but much more technical due to its entirely glaciated slopes, a fatality rate of 0.02% has been reported for the years 1987 -1996 (Christensen, 1999 . Meanwhile, on K2, which most mountaineers regard as the world's most dangerous mountain, the fatality rate for climbers between 1954 and 1994 was reported as approximately 4% (Huey, 2001) . Among 117 climbers who successfully reached the summit of K2 between 1978 and 1999 without supplemental oxygen, the fatality rate was 18.8%; among 47 climbers in the same time period who used supplemental oxygen, the fatality rate was 0.0% (Huey, 2000) .
It has been reported that fatality rates strongly correlate with altitude (r = 0.84) (Huey, 2001 ). However, the fatality rate on Aconcagua (0.077%) is roughly half of that on Denali (0.31%) despite being nearly 800 m higher. This fatality rate difference is 
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likely multifactorial. First, Denali poses much greater technical requirements, including more glaciated and steeper slopes, snow bridges, and crevasses that are absent on the Normal Route of Aconcagua. Second, while the weather on Aconcagua is severe, it pales in comparison to that encountered on Denali. Third, because Denali is further from the equator (63°N latitude) than Aconcagua (33°S latitude), the relative barometric pressure for a given altitude is comparatively lower. Finally, in light of the three above points, we presume that the prior highaltitude and cold weather experience of climbers on Aconcagua is less than that of climbers who attempt Denali. Our group has previously shown a maximum previous mean altitude reached of 5895 m, including 7.1% of mountaineers on Aconcagua who had not been above 4000 m and 12.6% who had not slept above 4000 m prior to their summit attempt on Aconcagua (Borm, 2011) . Meanwhile, 89.9% of climbers attempting Denali between 1990 and 2008 had previously climbed Alaska grade 2 routes (McIntosh et al., 2010) .
In recent years, the safety infrastructure and expedition attempts on Aconcagua have been evolving. First, in the last few years, a combination of routes, coined the 360, in which mountaineers ascend via Plaza Argentina to the False Polish Glacier to the summit and descend the Normal Route, has become increasingly popular. While this allows mountaineers to experience more of this park's majestic landscape, the advantages of caching supplies along the same round-trip route no longer exist, and mountaineers are forced to carry heavier backpacks with more supplies for longer periods of time at high-altitude, increasing their risk of accident, illness, or fatality. Second, starting in the 2012-2013 climbing season, permits may now be obtained directly from trekking companies. This potentially removes the safeguard associated with a mandatory check-in at the provincial park office in Mendoza and introduces variability into the safety measures mountaineers are exposed to prior to reaching the park.
However, not all recent changes have been potentially detrimental. In recent years, La Asociació n Andina de Medina para la Altura (AAMPA), Centro de Investigació n en Medicina de Altura (CIMA) de Aconcagua, and ''El Fede'' Campanini Foundation, have formed working relationships with the Servicio Médico Aconcagua, park rangers, and search-andrescue first responders. Continued cooperation among these groups will be the foundation for a safer experience on Aconcagua in the future. A multidisciplinary council, comprised of high-altitude physicians, researchers, politicians, park rangers, park administrators, rescue personnel, guides, outfitters, and nongovernmental organizations, could be the best instrument to centralize resources and provide coordinated comprehensive management of all aspects of mountaineering on Aconcagua. A mandatory and more comprehensive climber orientation, modeled on that of Denali, which includes an increased understanding of local geography, weather, and high-altitude illness may decrease mortality. Additionally, a shared robust database of demographic and expedition data is a critical piece of infrastructure that currently only exists in various incomplete forms within many of the above groups. Standardized reporting, utilization of common data fields including injury classification according to the UIAA Medical Commission Injury Classification guidelines, and systematic data collection, are essential tools not only on Aconcagua but for all high-altitude researchers (Priv-Doz et al., 2011; Basnyat, 2013) . This database must be shared and readily accessible for park rangers, physicians, scientists, and politicians such that it can become an important instrument to help drive funding and research. Plans for inclusion of reliably-collected data from Aconcagua into the International High Altitude Pulmonary Edema Registry will allow for comparative studies of HAPE epidemiology across continents (International High Altitude Pulmonary Edema Registry, 2013). Furthermore, advanced training in universally accepted techniques of rescue and resuscitation for first responders will facilitate timely and accurate diagnosis of high-altitude injuries, prevent climbers from needing an evacuation, ensure accurate data collection, and possibly even decrease mortality. At the present time, delineation of responsibilities is somewhat fragmented, such that a park ranger who is a first responder may lack high-altitude medicine knowledge, while a physician member of Servicio Médico Aconcagua may not have the equipment necessary to facilitate an evacuation. Finally, park funding must be stabilized and reliable. A major development has been the deployment of high-altitude physicians in the high camps to respond to acute emergencies closer to their locations instead of awaiting transport of climbers back to base camp. Reliable continued funding for physician salaries and for expensive evacuations will be a major priority of the multidisciplinary council.
The retrospective nature of this study is its major limitation. Complete demographic and expedition data was unavailable for all mountaineers who registered for permits; a fire at the Horcones Ranger Station in 2005 and an avalanche in August 2009 destroyed most of the historical records kept by the Aconcagua Provincial Park service, limiting our study to the given time period utilizing the aforementioned resources. Therefore, we supplemented our data with reports of fatalities and accidents on Aconcagua published by both local and international news organizations. However, it is possible that fatalities may have been inadvertently omitted or falsely characterized if they were not reported accurately by our sources. Second, data contained within the registry were limited in scope and availability. Therefore, we were unfortunately unable to calculate the relative risk associated with various climber and expedition characteristics. Furthermore, historical weather data were unavailable. Finally, while we know that there were 101 recorded deaths on Aconcagua prior to 2001, the loss of historical data renders a fatality rate incalculable for this time period and limits our ability to place the fatality rate on Aconcagua in the study period into a historical context (Magnani, 1981) .
Conclusion
The fatality rate per 1000 climbers attempting the summit of Aconcagua in 2001-2012 was 0.77. Deaths were due primarily to trauma (27.2%), high altitude pulmonary edema (21.2%), hypothermia (15.2%), and sudden cardiac death (12.1%). The fatality rate on Aconcagua is less than that on K2, Everest, and Denali, but higher than that on Rainier. A more robust, accessible database of mountaineer and expedition characteristics would be a valuable addition to the present infrastructure on Aconcagua.
